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INTRODUCTION 


This paper describing the mining practices at the United Verde open-pit 
mine at Jerome, Ariz., is one of a series being prepared by the United States 


EFureau of Mines on mining practices, methods, and costs in the various mining 
districts in the United States. 


The purpose of this paper is to present the methods used in developing 
and operating the mine, and to discuss the problems encountered. 


The United Verde open-pit mine is situated in Bitter Creek Gulch on the 
east slope of the Black Hills, directly west of Jerome, in the central part of 
Arizona. The elevation of the surface is 5,490 feet above mean sea level. West 
of the mine the slope of the hills continues to the flat-topped Mingus Mountain 
which reaches an altitude of 7,720 feet; to’the east the hills slope towards the 
Verde River which has an elevation of 3,350 feet at Clarkdale. 
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HISTORY 


Altnovgh the United Verde mine has been operated since 1876, open-pit 
mining with power shovels was not begun until the fall of 1918. Shovel operations 
had been preceded by glory-hole mining on the south end of the ore tody. The 
upper portion of the ore body was originally mined by underground methods. How- 
ever, in 1893 a fire occurred in the upper workings, which necessitated the 
abandonment of several high-grade stopes and increased the cost of mining in the 
adjacent areas. Later subsidence took place, seriously affecting the smelter and 


1 The Bureau of Mines will welcome reprinting of this paper, provided the follow- 


ing footnote acknowledenent is used: "Reprinted from U. S. Bureau of Mines 
Information Circular 6245," 


e One of the consulting engineers, U. S. Bureau of Mines. 
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surface plant which had been constructed on top of the ore tody (fig. 1). Fer 25 
years efforts were made to mine the ore in tne fire areas and to reduce ti.e fire, 
but without success. At the erd of this time Mr. R. E. Tally, sencral manager of 
the United Verde Conner Co., devised an oven-cut method for mining the ore in tne 
fire zone. 


In 1920 stripping was advanced to permit the removal of a small asount cf 
schist ore. During 1921 and for three months in 19°2 operations were susvended 
on account of the low price of copner. Since 19°22 mining has ravidly advanced, 
and the major stripping operations were cormleted in Octover, 1927. 


Yardaze removed up to January 1, 1929 


Stripving, Total, 


cubic yards __ eee ee 7aris 
1919 374,260 374, 260 
1920 1,026,382 1,952,142 
1922 486,260 518,741 
1923 882,524 1 244,436 
1924 1,359,645 1,502,285 
1925 1,653,009 1,818,093 
1926 1,323,991 ; 1,554,470 
1927 © 570,869 230,007 800, 876 
1928 322,538 276,055 598,593 
Total, Jan. 1,1929] 7,999,478 1,524,518 9,523,996 


GEOLOGY 


The general geological features at Jerome are well exposed on the rough 
Slopes of the Black Hills. The summit of the Black Hills is covered by Tertiary 
basalt resting upon horizontal Paleozoic limestone and some sandstone. Next be- 
Low lie the pre-Cambrian rocks, which are very evident at Jerome. These rocks 
consist chiefly of the so-called greenstone complex. Intruded in the greenstone 
are masses of rhyolite porphyry and diorite. The United Verde ore tody lies in 
massive pyrite which is between adjacent masses of the rhyolite porphyry and 
diorite. The pyrite is a replacement devosit of schist, formed in tne overlying 
concave trough of the United Verde diorite. 


Tne Verde fault cuts through Jerome below tne exoosed pnre-Camorian Trocxs 
in a general northwesterly direction. The fault has a throw of arout 1,700 feet. 
North and east of Jerome, on the other side of the fault and at a lower elevation 
than the pre-Cambrian and Paleozoic beds, the Tertiary basalt is again anparent, 
covering the successive rocks. Towards the Verde River these downthrown rocks are 
more or less covered with Quaternary gravels. 
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ORE DEPOSIT 


The massive-sulphide ore body, consisting mostly of nyrite with associated 
copper and zinc sulphide, is a pipe-like mass resting on the quartz-riyvolite 
porpayry footvsll and supporting a dense barren diorite hanging wall. The zone 
containing copper ore is avyroximately 1,000 feet ty €00 feet in vlan on the 
300-foot level (fig. 2). It dips steepiy to the northwest and has been opened to 
the depth. of 3,000 feet. The upver portion of tne sulshide ore bod’ has undergone 
considerable oxidation, which extends roughly to the 160-foot level. In the 
oxidized zone the ore eons ets cniefly of copner oxides and quartz carrving gold 
and silver. Below the zone of oxidation the massive sulphides are enricned with 
tne secondary copper minerals, chiefly chalcocite. On the footwall side of the 
ore body the massive sulpnides are more or less sapurated from the porphyry ty 
sulphide-bearing schist shoots extending into the quartz porphyry. The massive 
sulphide is low in silica adjacent to the schist, and increases in silica as the 
diorite is apnroached. It is generally separated from the diorite by varren 
quartz and jasper. 


The ore material is in general divided into three classes--direct smelting, 
concentrating, and convertcr. The direct-smeltinge ore consists chiefl: of the 
massive sulphides. Clean mineralized schist and siliceous sulphide are sent to 
tne concentrator, whereus mineralized material containing 60 per cent of silica or 
tetter is used for converter flux. Some material obtained in stripoing: operations 
waicn is too low grade for milling or smelting is oiled for leaching. 


PRELIMINARY PREPAZATION AND PLAS 


Before shovel operations could be started it was necessary to select new 
sites for the smelter and mine surface plant. A new smelter was constructed west 
of tne Verde River at Clarkdale, 5 miles below Jeroue on the Atchison, Tonexa & 
Santa fe Railway, and began operating in 1915. Shortly afterwards tne present 
mine plant was built at the elevation of the 500-foot level, about 1/2-mile north 
of the main workings, and an adit was run on that level into the main ore bocy for 
the transportation of men and material. New shafts with underground hoist rooms 
and neadframes also had to be completed before the entire upper portion or tie ore 
body vecame completely available for the pit operations. For the removal of ore 
from the underground mine the opens) Tunnel was run on the 1,000-foot mine level 
to cut tre slope of the hills about 1¢ miles north of the mine. he Verde Tunnel 
& Smelter Railroad was constructed to. transport ore from the portal of the tunnel 
to the smelter at Clarkdale and later was extended to Jerome so tnat tne heavy 
equinment necessary for the pit overations could be brought up to Jerome. 


The first plan of operations called for exposing the entire ore tody on 
the 300-foot level and extending the walls above that level into the porvhyry and 
diorite waste on a one-half to 19 slope. Below the SO00-foot level a vart of the 
ore bodyr was to be mined to the 400-foot level by glorv-holing. Accordingly, 
operations were started at the intersection of the 200 level with the slove, at 
tne point closest to the ore body. At the sane time switchbacks on tne side of 
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the diorite hill were constructed so that the umper vart of the tan: might re re- 
moved on a series of benches anvroximately 50 feet apart. Work was conducted on 
two of the unver benches arouid the level of tie old smclter and mine tlant. The 
upper bench would te at an elevation of 5,250 feet or about 540 fect above the 
S$00-foot level. ining was carried on according to this plan until tne snutdom 
in 192i. 


From geological data obtained in the underground workines it was estimated 
that apovroximately 1,909,000 cubic yards or 4,000,090 *ous of ore remained accve 
the 400-foot level. In order to make tiis available the original plan recuired 
the removal of 14,000,000 cubic vards of strioning. During the sisvension of 
operations the original vlans were revised. Instead of cutting an asoroach on tne 
500 level, the cut wes to be made on tne 150 level, and elorv-nole cperations were 
to be carried from the 160 level to ths 500 level. This change of vlan was deemed 
advisaole on account of the fact tnat the 160 level is roughly the dividing level 
between the zones of oxidation and secondary enrichrsent, and also becsuSe tre 
cianze would decrease tne total varduce to te strinvued. The vardare vould be 
furtner decreased b77 stecpening the slope of the pit wall. At tris time it wes 
believed tnat the material of the final bank would stand on a one-half to 1° 
slope. Berms vere planned for the final wall, two to te 20 feet wide and one ¢O 
feet wide on the 160 level. These berms were to serve for dtainace and for hesen- 
ing the banks trimmed. At the resumrticn of operations in 1922 it ves estimated 
that 7,000,009 cubic vards of strioninzg remained to te removed to maze available 
2,400,000 cubic yards of ore. 


Tnus tvo distinct methods of mining vere emloved at the United Verde 
open pit. Tne first overation extended above tne 160 level and consisted chiefly 
of stripving and removing the oxidizcd ore bry steam snovcls working om vencnes. 
Tne second extended between the 169 level and 590 level ad was confined cnieflr 
witain the ore zone. The original revised plan vas to nine the ore br means of 
mill noles, but conditions arisirg latcr made mecessarr a revision of tuc plans. 
Hovever, tne two methods of overation are entirely distinct, and in continuing 
tis pancr, methods and costs for tne unner-pit or major strinning onerations will 
be discussed in detail sevarately from the lower-pit overutions. Yaraazes in- 
volved in the two divisions are as follows: 


Under 2d: 16 er pile verdace 


Major stripping opsretions: Removed to Balance total 
JoMe 15: eo Peon e vyardace 
Ore eeevsevree8ee @ 803, d54 ork tae B95, 2é54 
WSUS ‘wecs eines (Per OEM, - - rete Pees 
Total oe eeee4u4cse & 077,401 “Soe C 9 77 wool 


Lower-pit operations: 


OTC: Sse ew eee Tel elot piles ban z, 842,986 
WAS TOE se Lard Riese 795,381 796 557 151s 7ee 
POLE]. osceeas 1,455,545 2,916,179 A364 924 
Grand total eeeeeeeeeeesteeveeee@ D009 970 roa Be An a tec A 7D 
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FIGURE 4. 
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MAJOR STRIPPING OPERATIONS 
General 


Tne major: strivping operations vere completed in Cetcber, 1927, The 
following review of the work done and the problems encountered is presented. 


Ore above the 160 level consisted chiefly of oxides and quartz. Sulphide 
and schist ore were mined to a Slight extent. Thé dense augite diorite was the 
main material stripped. On the surface tie diorite was Weathered and was ensily 
broken down. Greenstone, porphyry, low-grade oxides and quartz, and approximately 
1,600,0C0 cubic yards of slag made up the balance of the stripping material, 


Development of Upper Pit. 


The upper pit had elght major levels (fig. 3). The bottom or 160 level 
had a bank 110 feet high, the next six above had barks apsroximately 50 feet high, 
and the bank on the top level varied in hciett from a few fect to 140 fect. 
Stancard-gage railvoad tracks connecved eich level by means of a system of swith- 
backs on the adjacent side of the hill (fig. 4). The switchbacks vere »lanned 
With tailtracks on the pit end connecting with the levels. Waste dums vere main- 
tained along the switchbacks and in nearby gulchnes. 


Switchback Construction and Cost 
Oe CK Vonstruction and Cost 


| In order to work on the various benches as planned, 12 standard-gage 
switchbacks were required between the ZOO level, elevation 5,200, and upyner bench, 
elevation 5,740 fost, Ninety-pound rails were laid on the four switchbacks be- 
tween the 700 ievel and the 160 level, and 75-pound rails were laid on the upper 
Switehncacks. Severiv-live pound rails were also employed on the benches for the 
loaciog track. Cixty-pound reils were used on the dumps. The maximum grade was 
3 pet cent. Meterial was hauled downgrade to the dumps.. However, when it later 
became necersamr to move material from the 160 level toa dump at a higher eleva- 
tion, the grade on the fifth level was reduced to 2 per cent. The maximum curva- 
ture was 239. All curves were tapered and compensated for grade. No. 7 switches 
were used exclusively. At one time approximately 7 miles of standard-gage track 
was being maintained. | 


General data on the switchbacks is tabulated as follows: 


Total length of switchbacks ............... Aira 27,064 feet 
Cost per mile excavating and grading ............ $42,700 

Cost per cubic yard excavating and grading ..... ~ $1.41 

Cost per mile track material (75-lb. rail) ...... $18,000 

Cost per mile laying track ..... Bead de taeixese ets »e» $4,000 
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Equipment : 


Rolling stock used during the major strioping operation is tabvlated as 
follows: «°° : 


Rolling stock used in major strinping . 
No. used Item | Tyne weient, size, or capacity 

i. Steam snovel Full revolvinz — S=—cu. yd... dipper 

2 Steam snovel Standard 4-cu. yd. dipver 

1 Steam snovel Full revolving | $-cu. yd. dinver 

D Steam locomctives Switcher Sleo. tous 

L same Switcher 25.0 Cons 
30 Cars 7 Air dump 25-cu. yds. 

1 Spreader -- 14-ft. spread 

i Locomotive crane -- 100 tons 

ra Track suifters Peterson 

6 Gondolas F. B. composite o0-ton 

6 Flat cars -- 5O-ton 

Z Tank car - - DO=ton. 10, Co0s2als e...— 


the full-revolving shovel was mounted on traction wieels running on varallel 
tracits laid with 130-pound rails. The “-yard standard railroad shovels were first 
used on sections of standard-gaze truck and were supported rigidly ty jack arms. 
These suovels were later equipped witn caternillar traction trucks, wnoicn provided 
greater flexioility and eliminated jacking delazs. 


The full-revolving shovel was placed on tne lover Yench of the 150 level. 
It was planned to make the lower bench 110 feet hizh, as that was the difference 
in elevation tetween tne 160 level and tne top of the slag dum. The 4-yvard 
snovels were uséd on tne wnper benches. It was originally intended that vork on 
the upnver benches should be commleted in sufficient time to pernit tne large 
snovel to remain on the 160 level and maintain a 110-foot bench. The smill 3/4- 
yard snovel was used for excavation on switcnbacikts and rosds. 


Tne crew on each steam shovel excent the small one consisted of an 
engineer, a craneman, a fireman, an oiler, and two to four »nitmen. 


The switcher-tvce locomotives were used for trom-ing. Ther were equicned 
with water leg-type tenders of 4,500 gallons canacity. Tue €2.5-ton locomotives 
were able to naul six loadec cars and the 54.5-ton locomotives could haul four 
cars. Tne locomotive crew consisted of an engineer, a fizeman, and a switcnman. 


Both steam snovels and locomotives were originally eauinved for ccal burn- 
ing, but later they were altered to burn oil, as it wes found that a savine of £&.S 
per cent of the cost per cubic yard trammed vas made br using otl for fusl. Ine 
average cost of coal psr ton for the period commared was $10.08 asainst 32.045 
per barrel of fuel oil; 2.98 barrels of fuel oil was ecuivalent to 1 ton cf coal. 
Superheated steam was also found to be advantazeous for siicvels and locomotives. 
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The 2d<cubic vard air-dunmm cars vere used for nandling the loaded rock. 
Occasionally large pieces were loaded which vrovld not vass throngh the raised door 
when dumping and which had to be blasted out. 


The soreader 1 wes used for spreading the dumped material so that ne tiacl: 
could be sniftcd. 


The track shifters vere particularly valuable for shifting traci: on the 
dumps as yell as for Loosening tne traci: from tne ballast when reclaining. 


Tie crane Was! Cpauisaee vith clamshell and orenge- peel buckets for manerine 
coal and otner material, as well as for excavating and grading. The crane vas 
also used to arSist in the heavy repair work on the shnovels:and cars and to picl: 
up cars that vere wrecked and turned OUT On. Nae Cue eee 

| oe . ‘ 

Gondola cars Vere required: for nauling coal and loose matcrial. nen the 
oil-burning equioment was instulled the fuel-oil.vas transvorted to. tne- eects in 
a tani cor. Flat icars were used to handle construction material, repair parts for 
the shovels, drill steel, and blasting supplies. 


! . e . . . . . . e « 


Buildings and Shops 


e 


Tne buildings and st:ons consisted of tne warenouse, office, locomotive 
hovse, macnine shop, blacksmith shép, and car-revair snop. Storage tam:s and a 
sand dryer were also required. 
: ye a . 


_ Mater System and Treatment Plant 


Sufficient water was obtained from several snrings on the east slone of 
the Black Hills, and was distributed by gravity throvgn pipes on tne variow 
benches. Treated water for distribution on the two wmner levels was pumped to a 
storage tank: above the ton bench. <A lime-soda-ash softener was first installed 
to treat the water, but did not eliminate foaming in the boilers. The foaming was 
due toa large amount of calcium sulphate present in the raw water which was 
chanzed to sodium sulphate in the treatment process. To eliminate this foaming an 
automatic lime-barium curbunate water softencr with a canicity of 4,000 gallons 
hourly was installed. The hardness of the raw water, which varied from 14 to 30°, 
was reduced to 8°, chiefly by the elimination of the mineral constituents. The 


cost of treating the water by the lime-barium process averaged $0.066 per 1,000 
gallons. 


Drilling and Blasting 


Drilling ‘and blasting has always been the most serious problem at the 
United Verde pit. During the early stases of mizing the zround was easily broken 
on tue unper benches. The altered diorite was quicl:ly prepared for blasting. 
Churn-drilling was mainly used during tiis period, with holes soaced 35 to 40 feet 
apart at a distance of 5 to 10 feet bac of the edze. These holes were generally 
drilled 124 ver cent deeper tnan the height of the bank, and vere loaded with 10 


to 12 boxes of 35 per cent strength gelatin. Toe holes vere used occasionally for 
removing hard ribs. 
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The favorable conditions did not persist. Below the altered zone tre 
diorite was fresh, very hard, and dense, besides being blocky and fissured. The 
rate of churn-drilling dronzed from 15 to 20 Teet ver snift to 3 to 5 feet ser 
shift, and on account of the slics and seams occurring in the diorite, aifriculty 
was experienced in keeving the holes straight. Churn-drilling was then a-andonea 
and replaced by drilling wita air machines. A comb:nition of toe-holing with jac 
hammers and drilling verticel holes with tripod-mounted drifters was finaily 
adopted (fig. 5) after toe-holing alone proved impractical. Shooting with tce 
_holes alone caused the ban to Te undercut and did not secure fragmentation, wrich 
resulted in delaying the shovels while bowlders were being blasted. A general 
comparison of costs during these three periods is as follows: 


Comparison of costs of drilling ani tlastine methods 


Churn-drilling, toe-holing, Combination metned, 
: , CY Cs Vax Cr Gly yids jer Cul. Va 

Labor eecneoeeeveeace eee @ a a ee 
EXPLOSIVES «:4'e suite ooh C583 

DOC. <2 ioe, ere aie etenevats elL&15 
Average cubic yards 

per @-hour snift 

loaded ty shovels.. (iets 


On the lower bench or 160 level the slag and material from the oxidized 
zone were removed very rapidly, whereas progress on the upper levels was slow Ce- 
cause of the difficulty of breaking the unaltered diorite; this disarransed tre 
schedule of operations. As tne large snovel crowded the work on the wover tencres, 
a consolidation of the benches on the west end resulted, so that on tne vest side 
of tne pit tne height of the bank above tne 160 level reached 315 feet. In order 
not to shut dovm the large shovel on the 160 level or move it to an upver level 
the ground beneath this high bank had to be broken. Coyote blasting was then used 
to break the ground. Bv tnis time most of the material from the oxidized zone hai 
been removed, and the material in the bank was all barren diorite. Large tlasts 
were therefore practical, as not much of the material would become mixed. Six 
covote blasts were set off to break material on the 160 level. 


two powder foremen, each assisted by a jigzer boss, Supervised the drillinz 
and blasting; one foreman worked on the lover tench and tne other on the upver 
rn 


benches. The drilling and blasting crew on the lower bench consisted of atout ec 
men. Qn tne upper benches 50 to 60 men were needed. 


The principal methods of breaking ground at the United Verde upper pit-- 
~churn-drilling, combination toe-hole and vertical drilling, and coyote blasting-- 


will be considered in detail. 
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FIGURE S5- SECTION OF BANK ON UPPER LEVELS 
SHOWING VERTICAL AND TOE HOLES 
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FIGURE G- UNITED VERDE POWDER LOADING MACHINE 
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Churn Ori llive snd Slastine on tee: 15) Levels = 202 Drea ing tice sol ver 
oe: on the lover level three steam churn drills were mainly used. Six-inch 
holes were drilled tO to ‘15 fest "Vseper tian the heisht of. the.ban':. Holes were 
cased. with 6“t¢nch pipe in loose ground. The arilling specd varicd from 5 to 30 
feet per- sii ft , ‘depentinice on fe “ olintvadber of the material. The holes were placed 
close to the ede of the bank and spaced from 20 to 50 feet: anart. The distances 
from the bottdm of the hole to the toe of the cut varied from 55 to 95 fect. These 
distances and the character of the ground governed the sizeof: the powder charge, 
which ordinarily ranzed from 4,009 to 8.000 pounds. In afew instances the burden 
on the churn-drill holes was reduced with toe holes, but ‘on account’cf inatility te 
trim the ban thoroughly, this was considezed unsafe. : - 

Hot ground mas encountered in certain areas on the 16G‘level wiichn were 
churn-drilled. The temperature in some of thesé holes varied from 120 to 2400 F. 
It was necessary to cool these holes before loading. In some -cascs if the nole 
remained for two or three days before loading it would cool off sufficiently to. 
“permit loading; in others it was necessary to run a stream of water intc the hole 
for as mich as’ 24 hours or more. In all holes 35 var cent strength selatin dyna 
mite was used, as it was considered less sensitive to deterioration from the heat 
of the rock. A temerature of 120°F. was consideied save for loading. To vernmit 
the men to keep away from the collar of tne hole wnen loading, a wooden trough was 
designed by which powder and sand tamping could be nushed into the hole froma 
distance. Generally four No. 8 electric caos were placed in the large hioles and 
— from a 440-volt line. Seldom more than three holes were shot at a time. Thr 

st of courn-drilling for 1926 is as follows: 


Per foot 

Labor Pe are ee ee ae ae : $1.97 
SUD LES see waa 26D 
WUC cee eel Se Sees 258 
ROOLLYS: 23 eaec-eete 98 
Miscellaneous ... | re) 
$ 4 


WOU AL: wate terenerna renee) 


average footage drilled was 9.2 feet ver shift. 


A drill crew consisted of three men - a driller, a fireman, and a nelper. 


Combination Macnine Drilling and Blasting. - Thc, zcneral data referring 
to brealing ground by machine drilling and blasting is vabulated as follows: 
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Rreakine round vy maciine drilline end blasting 


Item 


Kind of drill used ........ 


DEED: Of AOLe: stivercebewivne 
_ Feet drilled per hour ..... 
Drilling “crew: «<4<% ee ee 
Labor..cost per £O0U- és+.i64 
Percentage cf Loles lost .. 
Spacing of holes in line .. 
POWOOl CORSE oi aee greta dees 
Kind “Of DOWIE? access wee ere 


DUCELOUGEC. xesicowier sedate. eres ace 
Gage of steel, starter .... 
Gage of steel, finisner ... 
Length of starter .......0.. 
Length of finisher ........ 
Number of changes 


™oe holes 


Jacknarmers 


Te-c0.. 2 Us 
Oao 

1 man 

$0.22 

20 

6-15 ft. 
100-250 lbs. 

50 per cent gelatin and 
Quarry Special No. 1 
7/8-in. quarter-octagon 
2-1/4 in. 
19/16 in. 
2-1/2 ft. 

ou £Us 
le 


Vertical. bobes 

Large Leyners 

e1-sO ft. 

Sel 

2 men 

$0.42 

35 

12.5 ft. 

79-150 los. 

Quarry Svecial No. 1 and 
50 ver cent gelatin 

13-in. nollow-round 

2-3/4 in. 

21/16 in. 

2-1/2 ft. 

oO ft. 

19 


Jacknammers, which are light and easy to handle, were used for drilling 


toe holes. 


tackle from a tripod made from 2-inch nive. 
required to handie the larger steel. 


were siot at the same time the holes were stageered. 


In drilling vertical holes tne Leyners were suspended by a tlocix and 
On tne heavy machines two men were 
Wnen two parallel rows of vertical holes 


An attempt was made to drill toe holes with Leyners mounted on trinods 


and also with heavier jackhammers. 


However, on account of the time required to 


set up, the greater loss wnen one of the larger holes had to te abandoned in the 
fissured ground, and the extra lator required, the use of tne heavier machines 
was abandoned in favor of the light jackhammers. 


Compressed air was obtained from the main mine compressors on the 500 
level and was delivered to the pit at 85 pounds pressure tnrough a 4-inch pipe 


line about one-half mile long. 


Both vertical and toe holes vere heavily chambered to receive the required 


amount of explosives. 


varied from 10 to 15 per cent of the charge. 


Tne quantity of explosives used in chambering tne holes 
During the first stage of operations 


the chambered noles were loaded with stick explosive, and the cartridges were 


pushed into the cnamber with a wooden rod. 


Tnis method was slow, particularly in 


fractured ground; also the miners were inclined to use unsafe metnods in forcing 
the cartridges through the ragged portions of the holes that resulted from svring- 


ing. 


vy 
Cd 


Experiments were made in loading granulated povder vith compressed air, 


and tne powder loader snown in Figure 6 was Gesigned and adopted. 


Weereas it re- 


quired 20 minutes to load 59 pounds of stick explosive, the same amount cf 


granulated powder could be loaded in 60 seconds. 
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The powder loader consisted of 
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a sealed copner chamber fitted with a hoover throvgn wnicn the povder vas placed 
in the chamber. Compressed air was then admitted into tne chamber; the vovder was 
forced down into a flexible rubter tube, from which it was carried by a jet of © 
compressed air through a copper loading tube. This loading tube was placed in 
the hole to be loaded, the end of the tube resting a few inches from the bottom 
of tne chamber. As the chamber filled up, the tube was withdrawn. The experienced 
operator was enabled to determine when the chamber nad been filled by the cnange 
in rate of withdrawing the tube. The chamber of the loader was designed to hold 
©O pounds of granulated powder. Quarry Special No. 1 vowder was found best suited 
for use in this machine. Before being placed in the container, the powder was 
put through a 4-mesh copper screen, so that no lumps large enough to clog the 
loader would be admitted. | 

Air loading of granulated powder is generally considered unsafe by the 
povder manufacturers. However, during the three years the method was used at tne 
United Verde pit not even a slight mishap occurred, whereas several serious acci- 
dents resulted from the former method of loading. 


Wo. & electric detonators were used exclusively for detonating tne charses. 
Iwo caps were placed in each hole, one previous to the cherge and the other after _ 
the chamber was about three-fourths filled. Current at 440 volts from the main 


power line vas used for igniting the detonators. Between 20 and 320 holes vere 
fired at cne time. | 


Although the combination-method toe and vertical holes gave better frag- 
mentation, an enormous quantity of bowlders was still prescnt in the blasted rock. 
If it was possible for the shovel to set the bowlders aside, they were later 
block-holed. In many instances the bowlders had to be "dobied" before the shovel 


could operate. Approximately 20 per cent of the total poder used was for second- 
ary blasting. 


Coyote Blasting. - Coyote blasting was confined to tne 160 level. Six of 
these large blasts were fired during the major stripping operations. The high 
vanks that were not accessible for churn drilling could te broken by means or toe 
roles with a fair degree of success in soft ground. In hard diorite, however, tne 
banks could not be broken in this manner. A round of toe holes drilled with con- 
siderable danger beneath the high bank on the west side of the pit merely undercut 
tne bank and furnished less tnan half a snift's digging for the large shovel. The 
fresh diorite in high banks was also too hard to te brolten by means of churn-drill 
holes. In order to breaks the high bank with safety and in sufficient quantities, 
coyote blasting was deemed to be the only practical method. 


Tne development work of the coyote blasts consisted of driving the 
necessary adits and sinking tne powder pockets at the desired distances from the 
dank. For tne first three blasts, work was started from the face of the bank. 
However, this required that the bank be cleaned up before development for another 
blast could be started. For the last three blasts an old adit behind the bank was 
utilized, and as soon as one blast had been fired develooment for a new blast 
started. The drifts were 45 by 6 feet in cross section. Powder pockets vere 
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5 py 5 feet in section, and vere sunk to a desta of <0 to SO fest bslow tre it 
gerade at intervals of 30 fcet in the deifts. The distance from the sockets to 
the face of the cut vuried from 73 to 155 feet in tne different blasts. ‘son th 
completion of the development work, the poclets vere wired uo and the lead vires 
protected by being encased in old rubter hose. Four No. 8 electric detonutors in 
a case of gelatin dynamite rere placed in the bottou of each pocket. The sowder 
was unloaded from box-cars at the moutn of the tunnel and trans»vorted to tre 
pockets on specially constructed vicoden cars. After the charge was loaced into 
the pockets, the powder was covered with paper and sond tarmping. Back-filling of 
the tungcl was started as soon as the pockets nad becn loaced. 


After the first covcte tlast, heat radiatint from the mine fire and re- 
sulting high humidity were enccuntered in one of the end poctrets. Tue roct 
temperature in this pocket as 152°F. In the otiuer pockets the heat variec from 
ll2 to 154°F. During develonment rork it was necessary to cool tne drift ty mearns 
of blovers and pining. Tests on explosives and detonators were cade uncer tre 
conditions existing in the end pockets. It was found that black powder avsorted 
moisture and became useless; 35 per cent strength gelatin d:mamite lost some sen- 
sitivencss, and 50 per cent gelatin dynamite anneared unaffected. Tre tar cover- 
ing on the electric caps was melted, but tne cap tested satisfactorily, as dic 
Cordeau Bicl:ford. To overcome the moisture, the pockets and drift adjacent to the 
hottest sround vere gunnited. This did not reduce tne temmerature. Bcfore loai- 
ing the povder charges tne poctrets “ere lined hcavil’’ with asbestos to esp the 
powder from direct contact vith the not ground. 


Black vovder was used in the first tnvee blasts. The first tlast wes in 
the softer material along the contact, and was considerably overshot. Tne second 
and third blasts were undevsnot, as tne tlack powder did not have sufficient 
Shattering force to break the hard zround effectively. To obtain better snatter- 
ing ox the voci:, Quarry Svecial powders with a ni-ner cisruntive errect were used. 
The sveed was further increased bzy the addition of nicher exnlosives; 60 ver cent 
strength amnaonia drmamite wus used in tre last blast. The ground was satisfactor- 
ilv broken in tne last three blasts with a considerable decrease cf secondary 
dlasting. ane care 7 shovs tne plan of blast 6 and Figure 8 snows the section 
tarou.n Ho. 9 “poci.et for blast 6. 
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ae OFiSinal bank Pocket No.3 
—————- Bank after shot 
____.. —— Line of break 


FIGURE 8-SECTION ‘A* THROUGH POCKET NO.9, COYOTE BLAST G 


20" I-Beam with wood. Filler 30 ft. long 
10 =10 wood aii 


-_ No. 3 level, Saar as 


Truck in dumping position 
Safety chain 


No.4 level elev. 5Z10 


rails 


FIGURE I0.- TYPICAL SECTION THROUGH NO. S RAISE 
SHOWING DUMPS ON THREE. LEVELS 
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Table 1 gives detailed information on each of the six corvote blasts. 


Table l. - Covoté blasting data 


Blast 
No. l 
Number of pockets ...... ve id 
Average distance between ~ 
pockets, feet . 
Total development drift- 
ing and sinking, feet.... 
Average distance of 
pocket to toe of bank, 
feet . 
Average vertical height 
above pocket, feet 
Average heient of tank, | 
LOCU. 45-84 Bane hoe diese lee ows 
Average burden on each 
pocket, cu. yds. 


30 


5 000 
100,000 


Black powder used, pounds . 
Quarry Special No. 6 used, 
POURS sioci:s.0's-6.6 6 spa e-a8S-ecs 
Quarry Special No. 4 used, 
POUNAS: oda ote wand Gee ae aoos 
60 per cent ammonia dynamite 
WUSCdy -LUSs- snesieaes ose ee 
DO per cent gelatin dynamite 
used, lbs. .. 
4o per cent gelatin dynamite 
USod ys LUSs: extn es oud sak 
Total pounds of powder used {113,050 


13,050 


Cubic yards broken ........ 140 , 000 
Cubic yards per pound of 
CADLOSIVES: 654 5G-4e eenba we ; 1.24 
Cubic yards per foot 
developed: ..<sscoubas ‘ ; 394 
Costs per cubic yard: 
Development, labor and 
S011 SSs hoi Gses as wee 190.0850 
HID LOSAV OS. «- side wie tered j 0.0783 
Total cost per cubic 
GE: “sng e-d a adey eae we : 0.1633 


1 Pockets under slope only. 
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No. 2 No. 3 No. 4 No. 5 No. 6 
. 6 14 10 a! 13 
30 30 30 : 50 50 
485 910 686 : 225 B00 
100 133 65 61 100 
167 189 146 120 120 
(1) (1) (1) 100 106 
9,220 

200 , 000 

45,060 -- 

5,000 | 30,000 

3,250 


98,900 | 259,900 {103,150 | 54,000 {233,250 


200,000 

0.86 

250 

$0.0827 |1$0.0502 |$0.1297 {30.1400 |$0.0407 
0.0697 | 0.0915 | 0.1065 | 0.1260 | 0.1272 

0.1418 | 0.2462 | 0.2760 | 0.1679 


0.1524 


a ee 
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SE ovel Coeration | 

> On tre 160-tevet the first- cut with'thev-lergt” shovel was parallel to tne 
face of the slag dump, and the cars were loaded on the oonosite side from the tan’: 
and on a higher grade than-tne cut. After a-considerable amount of slag had tsen 
removed, the shovel was headed directly into the ore body anda thorourh cut made 
through tne entire extent. The loading track was carried on one side of tne cut 
about 15 feet above the level of the shovel, and cround was filled in on cone side 
so tnet the traci: could be extended as the cut advanced. After the first cut wes 
commleted the shovel bezan widening out on the north and west sides. As the c2 
became wider it wus necessary to snift the loading tract: to the sane level as the 
Shovel. | 


On the upper tenches where tne slope of the ground was not too stcen a 
narrow cut was made on the grade of the bench and track was laid for loadins. 
Ground tc be loaded by the 4-yard shovels could.be broken down without covering 


om ote 


the track; tne level was established as soon as the first cut was com-leted. 


When tre slope was too steen, it was necessurv for the 4-vard siovels to 
cast the broken material over tie bank to male room for the tract: and to estavlish 
tie level. This material was picked wo on a lower level, generally the 160. As 
scon as a level was established, the shovel wes moved bnc!: to one end. Grownd was 
vrolren ahead of the shovel, wnich advanced the entizve length of the bencn. ATtver 
eacn cut, tne loading track was snifted to parallel tne face of the cut. With tne 


4-yard shovels tne top Shae was completed first and: lover benches were completed 
Successively. an 


y 


Tivo tencn foremen had direct charge of tne worl. One foreman loctzed after 
the snovel and locomotive operations in the pit and on tne dumps of tre 169 tench. 
The otner foreman had charge of the tio shovels on tne unver benches and of the 
tramning owerations. On account of the short naul to tne svitchbac!: autps on the 
upper benches, a switch tender, was not required. However, on. the 160 tenca a 
switch tender was required at tne entrance to the pit and also on tne dumm 
approach, in order to control.the movement of trains. 


. During the time all tnree shovels were in operation two shifts vere main- 
tained - a dav shift from 7.30 a.m; to 5 p.m. and a nivht shift from 6 p.m. to 
2aem. After the 4-yard shovels were removed from the upper benches, tne S20 
shovel was worked on three 8-hour shifts. 


Disposition of Material. _ on the upper benc‘iee the material consisted 
chiefly of diorite, witn a small amount of low-frade quartz ore on the two bencnes 
above tre 160 level. Most of tie ore waB ootained on the 160 level. Tne material 
encountered was classified and disposed of as follows: 
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Classification and Gdisvosition or material 


Vaterial Crade Class Nestination 


Quartz Over $1.25 in Ag and Au Converter ore To smelter or stock 
pile for szuelter. 
Quartz | Below $1.25 in Ag and Au | Possitle con- To stocls vile. 


verter ore 


| 
Oxide Over $6 Direct smelting |To smelter or stock 
ore dile. 
Oxide | Over $1.25, below $6 To stoci: file. 
Oxide ; Below $1.25 Leacn ore To leach dumo. 
Sulphide Over 3% covrer Direct smelting |To smelter. 
3 ore 
Sulphide Over 1%, below 3% Cu Possible snelt- |To stock pile. 
ing ore . 
Sulphide Below 1% covpver Leach ore To leach dump. 
Schist Over 3% copper Direct smeltin=s |To smelter. 
| ore 
Schist Over 1%, below 3% Cu. | Possible mill-  |To stocl: pile. 
| ing ore 
Scnist Below 1% copper Leach ore To leach cum. 
Diorite, slag, 
greenstone, 
porpnyry Barren Waste To waste dump or 


undergrouid mine 
for’ Filling. 


Tae first material shivoed to the smelter was transyorted directly from 
the pit to tne smelter over the Verde Tunnel & Smeltcr Railroad. Tre Zosevell 
haulage tunnel constructed on the ]1,000-foot level ran througn t*:e foctwall of the 
ore body. By dropoing the ore from the pit through vaises and hauling it out cf 
tne tunnel it was estimated tnat a saving of 31 cents a ton covld be made in trans- 
porting material from the pit to Hopewell. Therefore two raises were conmmleted in 
1922, one for direct-smeiting ore, tne other for converter ore. These raises were 
brought wo in the footwall adjacent to the pit. <A txacts was extended along tne 
Sides of tne raises so that the loaded cars could he dusmed directly into trem. 

Cn tne 900 level the raises were equipped wita grizzlies and blasting chaabers: 
for reducing the larger material. Between the 900 and 1,000 foot levels, stora ce 
tins of 1,000-ton canacity were cut out and provided with pneumatic doors and 
chutes. Forty-ton standard-sage cars are used in tae Hopewell tunnei. 


During the major stripning overations the United Verde mill had not been 
commleted. As most of the schist encountered was of high grade it was sninged as 
direct-smelting ore. 


Stock niles were estetlisned at convenient locations adjacent to tne pit 
and at the mouth of Hovewell tunnel. Material wnich could not be smelted at the 
time and low-grade material wnich might have future value were placed on tnese 
stock piles. At Jerome dum 25 was made for tie nigner-frade oxides and dump <4 
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for the lower-grade oxides. High-grade quartz was placed on EFopewell dum &%. 
Lower-grade quartz was placed on Jerome dump 26 and Eovewell dum 3c. Tre lov- 
gerade sulvhide stoclt pite-was at Hovewell.. ..----- eee oe | 


A waste glory hole was maintained on tne surface in the diorite and 
connected with a raise for the distribution of waste to te used as filling in the 
underground mine. This waste-transfer raise intersected with tne pit levels. The 
underground mine was assured of a sufficient quantity of waste for filling tae 
stopes as long as the open-rit operations continued. Eowever, the waste delivered 
to the underground mine represented a very small vart of the total waste nanaled,. 
beinz about 150,000 cubic vards per year. Part of the vaste was vlaced on the 
switchbac!: dumps, and the switchbaclt tracts were moved out from the hill as the 
_ dumps were built up. Most of the waste was placed on four dumps 

filling up adjacent gullies. The heignt of the dums varied from 50 to 200 feet 
The average haul was about 4,000 feet and the maxinmmim 7,000 feet. 


The proper destination of the material was determined ty ban’: sammles ot- 
tained before the ground was blasted and ty samples talen of tne troker material. 
If classification of the material was doubtful, the cars that had teen lozded were 
set out until the assay was returned. All cars were graod-sampled after loading so 
that a record could be obtained of the material, especially of that which was 
placed on the stock piles. All pit samples vere sent to the main assay office 
for assaying. 


Costs of Major Stripping Operation 


ne cost of stripping was deferred to be avsorbed later as the ore was 
made available. That is, the ore later recovered would carry a charge for remov- 
ing the waste above it. To the direct charge for mining, an estimated charge of 
$1.50 was added to pay for the strinoing removed. | 


Direct operating costs for 1925 are given in Table ed. 


It may be noted in the sunmary of direct operating costs tnat the cnarse 
for repairs is very high. Tne United Verde nit probably has harder rock to handle 
tnan any other pit. Work in tnis hard roci: resulted in severe strains to tne 
digging equipment, which accounts for the high repair cost. 


e . 
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Table 2. = Summary of costs 


United Verde major stripping operations | Year 1925 
| Cu. yds. 
Total stripping removed in 1925 .... 1,647,469 
Total ore removed in 1925 .......... 155 , 084 


Total material removed in 1925 ....... 1,818,093 


Die tous: of eee idea Sa 1925! secu 272,005 tons 


Direct operating sega per drv ton ore mined and 
per cubic yard of stripping 


es + 6 eg 


rs ee re ae es 
air | 


| 
Labor|drill | Power | Fuel |Explo-|Re- “ Sup- ma Total 


and ..o08t .| cost. |sives ! pairs“; plies 
steell 


Strivving | 
(per cu. yd.) 
Drilling and hak 
blasting ./$.1012! $ 


| 
| 


$ 0100 !$.0037|3.2410 
Loading ....| .0541 0022! .2142 
Transporta- |. 
C4 ON soda .0550 


tenance .. ea ~0002 


Total stripping. at ~ 0364 . 
Mining | 
(per ton) 


Drilling and 


blasting . 0693 023 .0008)° .0459 .0073] .0024} .1491 
Loading ....| .0403 .0030! .0165 0528 .0036; .001¢ 11% 
Transporta- | , | 

tion ..... -0349 .0177 | 0437) .0058] .0015| .1036 


Total mining ...|$.1445]$.0234 $.0030] $.0350] $.0459! $.0965'$.0167]$.0052| 3.3702 
1 Repairs to drills included. ! 
2 Includes labor and repair supplies. 
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Gencral onerating data for 1925 are tatulated as follows: 


Shovel overation 


£-curcic yare P-cubiec vard 

. SA0VELS snovels 
POved eshOUT SHLIUS. $4.66. 40454 55 as xeteda 1,244.6 747.5 
CUuOLe YeraS Per ‘Soll 244640 see ake eaieaens 764 1,091 
Cubic yards per tarrel of fuel oil ...... 64.7 BOS 
Barrels of fuel oil per snift ........... de secre 
Per cent time of loading ......c-ccseeees 43.4 49.1 
Per cent time of operating delays ....... 06.0 DO6e 
Per cent time of general delays ......... 15.0 14.0 


Locomotive operation 


TOCA. -Gs1OUr Salt CS, 4-o4-saewae Chee ce a 


»485.5 
CoULG Sards: Wer (Si 1 i Og o de ince s 9 a Sos bo reo 
Cubic yards per barrel of fuel oil .... =6.7 
Barrels of fuel oil per snirt ......... 7.06 
ye ' Blasting 
_ Pounds exolosives per cubic yard troken 0.648 
Miscellancous 
otal: Man2Snl TUS: «asda ak eae sa uk eedaweeweeee 104509! 
Cubic yards (ore and stripoing) per man-snift .... 11.79 
Total labor cost per Cubic: yard -<iisataverieeneaed $4081 
Renair cost (labor, supplies, power, etc.) 
‘per Cu. Vd ebeveerrerererrrererseeereree ere ose en eee en eer e $9305 


e 
‘ 


LOWER PIT OPERATIO 


a 


Coerations telow tne 160 level are confined cnisfly within tae main ors 
body. The entire area of tiie ore body is exposed on tne 300-foot ‘nine level. 
Below tne 306 level, ore will te left in tne pit wall to te removed later, and 
between the GOO level and tne 159 level considevable stripving will have to te 
removed in order to maintain a safe working slope. In tre narder neterial an 
attempt is teing madc to maintain a 60° slope, wnile in tne softer material a 
459 slone is necessary. Scarcely any oxide remained telow the 160 level. The 
massive sulphides form the chief ore material, and on the sices of the sulpnidces, 
mineral-bearines. schist for milling and quartz for converter ors ere odtained. 
Low-grade greenstone, porohyry, schist, jasper, and tarren diorite are more or 
less on tne margin of the ore tody. Tarougnout oe mass of tne ore cody under- 
ground worzinegs are encuuntered. Tne old square-set stoves are gener2lly fillea 
However, in some areas the old stcpes were Seer en Wnen the fire broke out, an 
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the upner floors could not be filled. In operating in tne lower pit, these old 
workings have to be considered in order to- avoid mishans.e 


Develonment 


As has been noted before, the original vlan for removing’ material below 
the 160 level was by glory-holing. In 1924, after a portion of the ore body on 
the 160 level bench had been exposed and made accessible, several glory holes 
were started. However, they did not prove practical for the following reasons: 


(a) Inability to drive raises in the desired locations on account 
of the underground fire and existing stopes. 


(b) Dilution of ore and inability to sort material properly. 
(c) Indefinite production. | 
(d) Operating hazards. 


The United Verde mine fire extended more or less through the entire ore 
body above the 800 level, excent in the extreme south end. Although certain parts 
of the ore body were accessible on various levels, the driving of a continuous 
raise from the 1,000-foot level was practically imoossible except in tne footwall. 
In tne small ee holes that were started in the sulynide area, transfer of 
material on intermediate levels was necessary to avoid the fire areas. 


In the several attempts to drive raises throughout the main ore body it 
was necessary to open the fire areas Wnich had been sealed off. In these areas 
water had to be sprayed on the timbers in a few instances to prevcat combustion. 
Double crews had to be maintained to keep the work going, and it was necessary to 
have cool air blowing on the men continucusly. In several places the neat of the 
ground necesSitated wrapping the celatin dynamite in asbestos when loading holes. 
Moreover in certain areas the burnt ground would not stand up, as tne sul»dhides 
had been reduced to a powder br tne action of tne fire. After a few attempts were 
made and a serious accident Beco eae by the igniting of tne ous waen blasting,° 
further worl was abandoned. 


In driving raises througn the old stones it was impossible to nold tre 
dried-out filling satisfactorily. Raises therefore nad to be driven turough the 
solid ground. | 


The ore body of the United Verde mine is very complex. Wign-grade sul- 
pnides, schist, and quartz are adjacent to each other or to low-zrade materials. 
Hign and low grade areas also occur in the mass of sulvhides. Glory-holing was 
started around No. 3 and No. 4 raises (fig. 9). Alternate seams of high and low 
grace porphyry and schist surrounded the collars of these raises. In biasting tre 


5 Gardner, E. D., and Stein, Edmund, Explosibility of Sulphide Dusts in Metal 
Mines: Kepts. Investigations, Serial ¢863, Bureau of Mines, 1928, 11 pp. 
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material the different zraies tecame mixed, as it "vas imnorsible to tlest 
advantageously in the confinei limits of the glorv hneles. If it was ocessible to 
blast different materials separately, the destination cf the naterial as it ses 
removed on the 1,000-foot level was changed to correspond witn the dirie 
classes. However, part of one cless of material stuck to tne sides of tre r~aise 
and in the bin, causing a dilution of the waterial as the raise was cuengeda ¢t 
high or low grade material. In addition, the seperation of stope Fill presented 
difficulties, and the old timbers encountered had to te pulled ovt of 1% ve EUGry 
hole in order not to clog tne raises and cnites. | 


No definite production sonra te depended uvon in a svstem of glory noles, 
as the material available would be more or less controlled by tne worizing conai- 
tion of tne various glory holes. It would te impossible to werk a certain clory 
hole faster in order to obtain tne desired material in that area witnout inter- 
fering with work in adjacent glory noles. Greater difficulties in keeving tu 
connecting raises clean and open would also be expected, as larve roc’:s vould te 
throwm into the raises when blasting. 


Glory-holing is more or less hazardous SecCause men have to worl: on Sioves 
around loose rock. In the United Verde pit men vould also be sitject2d to tie 
added hazard of working under hign walle on the sides of the pit and of not veing 
able to leave the working place conveniently if loose material sloughed oir of 
the Aign tank. Also above tne fire crea men would have to work on hot ground 
tarouga which gas and smoke seeped from the mine fire celov. 


These conditions prevented tne mining of tne lower pit by slory-holing, 
but in tne early part of 1925 a plan was devised by ir. VW. V. DeCamp, nov assist- 
ant general manager of the United Verde Copper Co., by wnich the lover nit would 
be mined by small snovels working on low benches. The maicriels were loaced int 
trucxs wricn dumped into any one of several transfer raises extending to tre 


1,000-foqt mine level. The disadvanteges of the slory-hole method were entirely 
overcome by this change. 


several adcitional raises were constmicted in the porphyry footwall away 
from the fire area. An cold mine shaft was cleaned ovt and utilized. FExce:t for 
cutting around a transfer raise it is possitle to use one raise constantly: for one 
class of material, and dilation in the raises is practically eliminatec. Fv the 
use of trucks operating on the levels, material can be trtnsvorted conveniently 
from any part of a level to any reise. Figure 10 shows the arrangements for dump- 
ing into a transfer raise from tnree different levels. A plan to use cars operat- 
ing on narrow-gage track was given up as it did not provide maximum flexibility. 
Steep grades connecting the various levels are necesSury, and it is possible for 
motor trucks to hail from one level to anotner. 


the small snovels are able to sort material very well. The siovels can 
also be moved around so tnat drilling and tlasting can te done advantarecously. 
The big problem in the lower nit operations is tne sorting of the ore. Tais is 
first accomplished ty proper drilling and clasting, and later bv sorting and 
thorough cleaning up of loose material when digging. Softer material is generally 
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removed first, leaving the harder muterial clean. O11 timbers are set aside when 
encountered and are later loaded into trucks ani havled out of the pit. By plan- 
ning the work in advance the levels can be developed »roperl~ to assure a constant 
production of the desired material. The small stovels can be quicl:ly moved from 
one area to another or used between levels if necessary. 


-_ Maximum flexibility is possible in this method of operation. Shovels can 
be worked on any exvosed bank. The trucks can de routed from any position to any 
raise. By this flexibility tne pit is enabled to svoply any material called for. 


By operating on low banks much daner is resioved. Men on the snovels and 
trucks are off of the hot fro und and in motion so that they do not have to remain 
in the gassy areas. Most drilling in fire areas or gassy places is done with 
churn drills, which likewise can be moved anywhere on the various levels. With 
the churn drills it is not necessary for the drillers to remain steadily in the 
bad places. 


The lower pit between the 160 and 500 levels is divided into twelve 
benches’ varying from 25 to 33 feet in height (fig. 11). At the present writing 
the first level below tne 160 level, or No. 1 level, had been completed. Opera- 
tions are now being conducted on Mos. 2, 3, 4, and 5 levels, the last of which is 
55 feet below the 300 level at an elevation of 5,178 feet. 


No. 1 level was first developed by a through cut made by one of the stan- 
. dard 4-cubic-yard steam shovels. The material, which was loaded into dump cars 
and hauled out, had to be disposed of as encountered; no flexibility was provided. 
This through cut was started several hundred feet outside of the pit limit on the 
160 level on a 3 ver cent downgrade and was cut alongside Nos. 3 and 4 raises. 
Toe first small shovel was then put into operation. Four light aviation-type army 
trucks were first uced, until the practicability of the plan could be established. 
These light trucks wove w.able to pull upgrade. The cut, in going down to No. e 
level, was made in s¢varcl 7-foot lavers, and the shovel loaded the truck on the 
bencn above. Tis mes ar unetrade necessary. Before No. 3 level was developed, 
heavy six-wheel, fo2>-cheel--rear-drive trucks were obtained which could easily 
pull a load up a 10 per cent srude. 


In general, when starting a new cut an attempt is made to confine it with- 
in one class of matev*.i. “he cut is started toward one of the transfer raises 
so that when it resist The elovation oF the lover bench it will be adjacent to 
the transfer raise ena tre s:svel cun cast directly into the raise. Material can 
then be disposed of without beaiine urtall, as soon as tne level is established, 
work is concentrated in tne. dire ton of another transfer raise, and the material 
is put in the first raise. Ifa ciyfcrent class of saterial is encountered, the 
raise is cleaned out to accomaciate that material. Lcvels are developed in ore 
first. The first cut is tennoriry, but a permanent rcad.ay is to be made on the 
footwall side extending from tiie 160 level to the successive levels. This road 
has been completed to No. 4 level (fig. 12). The permanent road is to be ona 
10 to le per cent grade and will wind back and forth on the footvall side of the 
pit. As tne permanent road can not be conveniently situated with resvect to the 
transfer raises, it is impossible to develop new levels from the roadway. 
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The equipment used at the Unitec Verdc lover pit is tarilated as frollovs: 


ment ermmloved at the lover rit 


Item and number vse? fivacroam ~ 1 Deserinption 
4. Micetric saovels Fall revolving 12 cus yd. divver. 
10 Trucks | 6-wheel, 4-vwhecl ' 4-cvlindcr, 10-ton cavacity. 
rear drive 
Ll “Prue: do. c-evlinder, 10-ton canacity. 
6 Tractor trucks 2 front wheels, cater- 6-crlinder, 10-ton cavacity. 
pillars on rear | | 
2 Trucls 4-wneel | 4—-cvlinder, 5 to 6 ton ceracitx 
l Truck 4-vheel | 6-evlinder, 34-ton cavacity. 
1 Track 4-wheel 6-cvlinder, 2-ton canacitr. 
i wer 4-vwheel 6-cvlinder, l-ton capacity. 
1 Crane Fail revolving osoline-powered. 
traction | 
lL Roed ecraver | Tractor-powered. 


Electric-powered shovels, ‘for wiich electricit’ is obtained from th 
smelter oower plant, are used in the lower nit. A considerable saving is inmade ty 
the use of electricity, as tis form of power is more adaptable to the vorking 
conditions. Tnese snovels are operated on 3-—ohase, 440-volt, 60-c’rcle alternating 
current. The shovel is equipved with a 109-horsepover noist motor, ©£0-horsepower 
toom motor, and 60-horsepover swing motor. The shovels vere orisinally equinzed 
witn 40-norsepower sving motors, but they did not stand up under severe oneraticn. 
The snovels aré mounted on caterpillars having a 36-inch tread ana an overall 
width of 13 feet, 6 inches. The efficiency of tne siovels was ereatly increased 
by equipping them with manganese steel caterpillar nads. Other imorovements have 
been made at the United Verde shops such as changing the nronellinz clutches and 
installing an automatic air valve for operating: the clutch trake ram. The sucvel 
crew consists of three men - an’ engineer, an oiler, and a vritman. During 1926 an 
average of 450 cubic yards, cr aporoximately 1,050 tons, per shovel sniit vas ot- 
tained. Pover consumption amounted to 0.974 kilowatt hour per cubic yard loaded. 


The tramming trucks and tractor trucks are equipped with a standard gravity 
Side-dumrm body, designed and built by the United Verde Conner Co. By releasing 
the latcnes the load can be dumped very quickly when the truck is slightly tilted. 
The body is built of heavy metal plate, channels, and angle bars riveted together. 
A douole-plate bottom with a vood filler is provided for reducing the shock causez 
by dropping the heavy material into the track. The body weighs 3 tons and has 
capacity of 5 cubic yards water level, or 35 cubic yards solid material. The 
varies between 7 and 10.5 tons, depending on the character cf the material han 
Sulphide ore is estimated at 10.5 tons ver truck load; siliceous sulphide 9.5 
schist and slag 8 tons; quartz and oorphyry 7.65 tons, and diorite, greenstone, 
oxide, talc, and dike rock at 7 tons. All trarming tricks have been esvecially 
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reenforced to stand up under the heavy loads. They are equipped with stecl cabs, 
heod and radiator protectors. The 6-whneel trucks (fig. 13) have compound trans- 
missions and solid rubber tires. Tne tractor trucxs are also equinved with com- 
pound transmissions and in addition have a high-speed reverse wnicn is very use- 
ful, as a good deal of backing up is necessary. 


Considerable experience nas been derived from the trucking sroblem in the 
United Verde pit. So far the 6-wheel, 4-wheel-rear-drive trucks have proved to fe 
the most satisfactory. A better distribution of tne load is possible, and tne 
flexible arrangement cf the rear end protects the frame from undue strain. Good 
traction is also provided, and the truck is atle to negotiate al] roads, excest 
on grades above 10 per cent and wnen the roads are extremely muddy. Rubbdcr ear 
on the 4-wheel trucks has been found to te much greater than on the 6-wheel trucks. 
The tractor trucks are useful onlv for keeping onerations going under extremely 
bad conditions, sich as in deep mud and up steep grades. They are esvecially 
valuatle during bad weather, but can not comoure with the 6-wheel trucks under 
fair conditions. 


The roads in the United Verde nit are bad. In fact, the levels ave ‘:ent 
as clean as possible so that a truck can run anywhere. The crades are steen, UWil- 
even, end frequent. The heavy loads handled and conditions due to occasional tad 
weather subject the United Verde trucks to extremely severe service. Nevertheless, 
the situation is being met very successfully. 


A truck repair man for making minor repairs is Lept in the pit on each 
snift. Yor large repair jobs tne truck is removed from the sit and rut into the 
sop. 


During the year 1928, 167 cubic yards or avoroximatelvy 390 tons of 
material were trammed per truck shift. The averare lensth of havl is 5G0 feet one 
way. Gasoline consummtion amounted to 1 gallon for 11.69 cubic vards tracmed. 
For each shovel shift 2.70 truck shifts were required to keep the shovels operat- 
ing at full speed, 


Tne miscellaneous light trucks are used for various service around the dit. 
The 5 to 6 ton tracks are used for handling drill stcel, churn-drill bits, casing, 
and heavy material. The 33-ton truck is equinped with an acetylene burning outfit 
and is used for transporting tools and oarts for renair work in the pit. The 
2-ton trucis hauls supplies from the warehouse and tne 500-level shops to thre rit, 
as well as transporting the dump crew to Hopewell when it becomes necessary to 
snift the track on the dumos. The light l-ton truck delivers povder and blasting 
supplies wnere needed in tne pit, as well as drilling material. 


The gasoline-vowered crane is used in doing repair work in the pit as well 
as for handling heavy material; as it is equipned with a 4-cubic yard clamsnell 
bucket it can be conveniently used for small excavating work in the pit and 
elsewhere. 


The road scraper assists in keevine the roads clean in the pit and around 
tne mine plant. 
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One of the 85-ton lecomotives, 10 of the 2é-cubic yard nir-dum cars, ané 
one of the 4-yard steam snovels from tne mjgor strissing urervations are cetained 
for vecleiming taterial vlwcéd on the aurms Gtring tris Tirst tor’. 

wiscellaneous shops, a transformer house, ,:.solia 
chanze room have been erected cdjecent to tne vit on. tire 


Trii ly Stine 


Generals = fa: on lower tit care must te taren to treak the material cltan 
to avoid alec The depth, spacing, and locatior of holes are deperde..t en- 
tirely on the character of the material to be tiasted. Three t:wes of drills are 
used - jacizhanmers, a drifter mounted on a tripod, and electric aes ope en epowe.cae! 
drills. In breaking ground along contacts, in inaccessible placszs, aad in oerz- 
trimming tne air drills are used; however, in uniform material ard in not gereund 
the churn drills are preferred. In the lower pit, actual turning sulwhi‘ics in “<re 
underground fire zone were encountered, wiuica presented a aivtficult bliusting 
problem. 


A comparison made on the cost of breal:ing fround br the use of air drills 
and churn drills showed tant although the cost 01 powder consumed in blasting 
churn-drill holes was 50 ocr cent more, a consiiderable saving was made in letecr, 
pover, ond ae airs... ‘Me. tote cost mer ton oro2cn Witn tne. coam aril tl wes 2os 
to be 15 per cent less than vith the air drill. 


Air Drills. - Jackhamers ere used to drill toe holes and vertical nacles 
Methods eni equipment are similar to tnose ewmloved in the major etrinvine oners- 
tions, except that the Zaclhanner is an isprovei tipe. 


doe Deavy drifter on a trixdod canting is we ne only for.drilline toe roles 
in tne very nurd sulvhide which can not ve drilicd with tre jaclinarnrers. 


Air-drilil noles are loaded vith 35 or 59 p2r cent etreneth celetin 
dynamite. The churecs are fired with ilo. 8 electric detonators from tne =40-vor 
line. Tne use of the »oowder-loadin,: michine was abdsndoned, nartly on account of 
irresularity in snaciny: and cna fei aL ef Roles, Dut-lorecly because of tie. 407%, 
Steanin ground encountered, which race tne use cof the franular powder 
wnsatisractory. 


io "dotie" blasting is dene in the pit. Al] bowlders are block-noled. 
The cost of bock-.iolinz is abuet 2 cents vxer ton of miterial broken. 

Courn Drills. - Four electric-powered churn drills are used in the United 
Verde pit in place of the old steam Grills. Fuel cost on the steam drills amcur‘d 
to $8 a snift against a pover coct of $9.50 a snuift on the new drills. Other 
improvements such as a Wire-rope drilling cable favored tne use of the new arilts. 
A churn-drill crew consists or a Griller and hnelper 
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Churn-drill roles are drilled on the eGj¢ of the bunk. Drilling speeds 
vary from three-fourths of a foot to 8 feet per hour. Eolces are drilled 5 feet 
more in depth than the height cf the bank. If the durien is too great, machine- 
Grill toe holes are used with the churn-drill holes. “eles are snaccd accordiag 
to tae conditions but are sencraliy 10 to 12 feet avart. Eovever, in hot ground, 
wnere it is impossible to place the desired amounts of cxnlosive in the nole, tre 
holes are spaced 4 to 5 fect apart. Hot and zessr sround is generally drilled 
with churn driils, as the larger hole can be more quickly and sarely loaded witn 
a greater amount of eclatin. Also fewer men have to ve lept on the bad ground. 


As a rule between’ 150 and 250 pounds of 35 or cent or 50 ver cent 
straisht gelatin dynamite are used in a hole. Some .rarular ammonia dynanite is 
used .vyhere it can be kent dry. Holes are genevally tamed with sand. Slasting 
switcues are located conveniently on the unver levels, and the blasting wires are 


vound on a reel adjacent to the switch. From these reeis the blasting vires can 
be run out to any location in the pit. 


Liquid oxygen explosive was experimented vith in blesting churn-drill 
holes. It was found to effect a considerable saving, but vecause of insufficient 
knowledge of the action of "LOX" in vossible hot ground, it was decided to be 
unsare to continue its use. 


Blasting Hot Ground. - In holes where heat is encorntered a potentiometer 
witn an iron-constantin thermocounle is used to measure the temmerature. The 
highest temperature that has been measured in a hole is 780°F. A temperature of 
120°F. is considered safe for loadinz and tamping a hole, using the ordinary 
metnods. If cooling a hole is possivle, the cooling is acccmolished by running 
vater into the hole for a period of 1 to ct hours, or by using sand. y dropvuing 
sand in the bottom of the hole, tne heat has been reduced in several instances 
from 212 to 120°F. long enough to permit loading and firing. When sand is used 
the hole must be chambered sufficiently to hold both sand and explosives. Sand 
is placed in tne hole with a small amount of water, which wesnes the sand into tne 
crevices arovnd the chamber. The hot gasses are sealed off and the sand does not 
become heated readily as it is a poor conductor of heat. As many as three wheel- 
barrows of sand have teen placed in some holes. 

For holes that can not te cooled, a torpedo is wade which consists of an 
insulating cartridge filled with explosives (fig. 14). The torpedo used in small 
machine-drill holes consists of an ordinary mailing tube filled with gelatin 
dynamite. For the larger 6-inch churn-drill holes e2 lar.e paner tube witha 
4-inch imner diameter and 4-inch well, 6 to 8 feet long, is used. A wooden plug 
is driven in one end and a wire by which the tube can be lowered into the hole is 
fastened to it inside the tube. he charge and detonators are vloced in tne tute 
and covered with sand. In shooting a round of hot holes tie tornedoes are wired 
and connected with the blasting line and placed off of the ground adjacent to tne 
holes. When the biasting signal is given, the torpedoes are immediately lowered 
into the holes so that tney can be detonated as soon as the men are in the clear. 
During the short interval that the torpedoes are in the hot ground the heat is not 
acle to penetrate the tube. These hot holes are not chambered nor is tamping used. 
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Thirty-five ver cent gelatin dyvnarite ard some gran.lar arr.onia aynamite are uses 
in the tornedoes. Care must be token that tne sranulated powder does net lez 
out of the torpedo. 


Eot ground can not be blasted erficiently, as enough powder can nut Ce 
put in the torpedo and wheat is in the torocdo is not in a chanker nor tamn:ed. 
The use of the small torpedces for the machine-drill holes is varticvlarly in- 
efficient. However, it is necessury to bl:st tns het .:round in this manner, and 
a fair desree of success is teins obtained. Accidents caused br binsting hot 
ground nave been eliminated ty the use of tre touwpedo. 


Pit Operation 


At present (November, 1929) 21,000 tons of dircct-smelting ore and 3,£ 
tons of converter ore are tined weekly in the pit, and milling ore is mined as 
called for, In addition, the lov-grade material v“icn is placed on dumps at t 
moutn of Hopewell Tunnel is nandled. It is estimated that 1 ton of low-srade 
material shoulé be removed from above the No. 5 nit level for erch ton of direci- 


smeltins ore mined in order to malze the ore availatcle telow this level. 


ec 


Every morning tre nit foreman is informea fron the siselter and ty tae 
forenan cf the tunnel transvortation wint the pit reaiirements For the 24 nours 
Will te. This information is passei on to the otrer shifts so that the oder cin 
be completed. At the beginning of each siift tie crevs are told to wnat shovel, 
level, and place they are consigned, and re moved abovt during tac snift if any 
chanzes arise. Truck cig and dumpers wre assisned to certain shovel crews 
and raises. Enough trucks should ve available to keen tie snovel busy ot ail 
times, Ona srort naul oe ‘trucks are surficient, tut as many as six trucks are 
necessary; for some of the loner havls. The track dumer is stationed at the 
raises. It is his duty to kee the dump clean, adjust the safety chains on tne 
trucks, see thi.t the dump body is proverly lutrica tod, and keep a record of the 
loads dimped. | 


During tne shift the nit foreman is Meut inrtcormed ty the tunnel foreman 
as to the ccndition of the raises.: Close cooperstion ras to be maintrined in 
order to prevoert the mterial from hanging uo in tue veiseos. The material suould 
not be allowed to vile up in the raises avove tne grizclies, as tne larger nieces 
are likely to form an arch and the fine material often cements Also if a 2eavy 
rain occurs anc the material in the raiss becomes ruddy, a breaendous hydrostatic 
oressure may be develoned. In one eee Tne pressure on being released Forced 
out the crutes of the ore tin and flooded ths havlage tunnel. 


Clogzing of raises with lars:e rccks nas been almost eliminated by not 
allowing any piece to be loaded wnich will not nass through the shovel dinper. 
However, tie larger nicces sre often ield up cn the srizzlies and the ratérial 
Starts to beck up in tne raise before the; can te brocten. An attemmt is made to 
mix tie coarser material with the pone di order to prevent choking the raises ty 
the cementing and packing of tne finer materie 
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The transfer raises are accessible on the mine levels, but are sealed off 
by doors and bulkheads from.the mine workings. In case a raise becomes clogved, 
all dumping into that raise is stopped as soon as the condition is discovered. 
The raise is then inspected on various levels to deterinine where the cnoliing 
occurred. Generally the material can be loosened by tlasting in the raise. At 
times it has been necessary to tie as many as three or four 20-foot tamping sticks 
together with a charge placed on the end, and push it up the raise where the 
material is hung-up. On several occasions material has been loosened ty allowing 


water to run down the raise which washes out the finer material wedged between 
the larger rocks. 


At present eight: shovel crews are maintained, three each on the day and 
afternoon snifts and two on the night shift. A spare shovel is available during 
the day for the repair crew to work on. 

During 1928 the locomotive crane equipsed with a clamshell bucket was used 
on the 160-level bench below the high diorite bank for cleaning 1 the material 
that slid off the bank. The loaded cars were dumoed into the main mine vaste 
raise. During the year 14,886 cubic yarcs was removed by the crane on this bencn. 


The day shift begins at 8 a.m., the afternoon snift at 4 p.m., and the 
night snift at midnight. Blastins is confined to regular hours - noon, 4 pem., 
8 p.m., and midnight - so that there will be a minimm of delay. 


sampling 


A samoler who works on day snift samples the bans each day after they 
are cleaned un. The assay results of the samoles are given to tne pit foreman and 
powder foreman who plan the. work accordingly. Drill holes are occasionally 
sampled but generally the class of material can be accurately determined from a 
Irnowledge of the geology and the value of the face of the banlz. Samples are also 
taken from the broken material ahead of the shovel by the assistant sammlers; one 
sample is talen for each 10 trucks loaded. A record is lent of the material re- 
moved. The banlz sammie assays are mapped for vse in estimating tne character of 
the material on the lower berches. 


Disnosal of Muterial 


After the material is dropped into tne raises it is hauled out of the 
tunnel and dumoed into transfer bins at the entrance of Honewell Tunnel. There 
tne direct-smelting, converter, and concentrating ores are transferred to large 
cars to be hauled to the smelter. Low-grade material is placed on various cumps 
at Hopewell; senarate dumps are maintained for leaching, low-grade converter, low- 
grade sulnhide, and-waste. Most of tne waste from tne pit is dumped into a waste 
transfer raise from wiich it can be distributed through the underzround mine for 
stope,filling. However, with the increase in production it was necessary to 
place some waste on the dump in order to make the ore available. 
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Classification of Pit Material 


Material in tne United Verde pit is classified according to tne following 
schedule: : 


I. Converter Cre. 
A. Smelter shipments... 


1. Aluminous converter material, such as quartz porphyry to 
contain a minimem of 60 per cent silica. Alumina present 
must not exceed one part to 5.5 parts silica. Values to 
exceed $4 a ton. 


2. Oxide and quartz converter material to contain a minimm 
of 50 per cent silica. Values to exceed $4 a ton. 


3. A small amount of sulphide material will be permitted if 


Silica content exceeds 65 per cent silica and values 
$4 a ton. 


B. Hopewell stock-pile shipments (Dump No. 34). 
1. All converter material with value lecs than $4 a ton. 


II. Direct-Smelting Ore. 


A. All sulphide material containing a minimum of 1.0 per cent 
copper. Basic and siliceous sulpnide material to be mixed 
so that the average silica content of tne ore received at 


the smelter is atout 23 per cent. 


B. Low silica content oxide and old fillinz containing a minizum 
of 2.0 per cent coprer, or 1.5 per cent conper when gold and 
silver value is in excess of $1 a ton, or no copver value 
Wien gold and silver value is more than $4 a ton may te added 
to the sulphide ores, provided that the mixture does not ex- 

| ceed 23.0 ver cent silica, nor more than 1] part alumina to 
. 0.0 parts silica, when received at tae smelter. 


III. Concentrating Ore. 


A. Clean schist or porphyry having 1.0 per cent copver or better. 
Low-grade ore snould be mixed witn hish-frade ore so tnat 
the resultant mixture will approximate 3.0 per cent conser. 
Under no circumstances will filling be mixed with the con- 
centrating ore. j : 


B. A small amount of clean siliceous sulpnide with copner values 
between 1.0 and 5.0 per cent may be mixed with the schist 
and porphyry. 
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IV. Leaching Material (Dwm No. 26). 


A. All low-grade cooper-bearing miterial betvioen 2.0 and 9.7 
per cent copner, excenting material suitable for smeit- 
ing, milling, and the converters. 


V. Low-Grade Sulphide (Dump No. 37). 


A. All sulphide material below 1.0 per cent copper not in- 
cluded in the above. 


VI. Waste. 
A. All barren material. 


As no bedding bins exist in the Clarkdale sinelter it is necesscry for the 
pit departinent to control the silica and alumina content of the direct-smelting 
ore. Tne direct-smelting ore mined in the underground mine also has to be taken 
into consideration when determining the proper mixture. It is therefore 
necessary for the pit to determine the proportion of tasic, siliceous sulphide, 
and stone filling which enters into the smeltcr mixture. The mixture that arrives 
at the smelter should contain about 23 to 24 per cent silica. If the mixture is 
off one day, an attemt is made as soon as possible to correct it by adding more 
basic or siliceous sulphide ore, as the need may te. 


roe United Verde pit differs frommst pit operations in that it is pro- 
ducing 2 high-grade ore. The direct-smelting ore mined averages about 5 ver cent 


copper, While the concentrating ore averages approximately 3 per cent and tne 
converter ore 2.5 per cent copper. . 


Provably half of the stcpe filling encountered is shipped to the smelter 
as ore. The copper in the stope filling is due to the following causes: 


l. In the early davs of the mine, low-grade material which was not 


commercial at the time was thrown in as filling,especially low-grade schist 
which is hare to smelt. 


2. Early mining methods were not clean. In several of tne exposed stopes 


enough high-grade ore is scattered tnrough the filling to maize it all run as ore 
av tne present dav. 


5. Enrichment has resulted from denosition of cooser sulphate and copper 
carbonate by water descending from the old workings. Enrichment has also teen 


caused by gases ascending from the fire area and devositing copper salts in the 
filling. 


4. Some of the suloahide in the fire areas has also been enriched by tne 
removal of sulphur by roasting. 
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Ar attempt has teen made to estimate the percentage of dilution of tre 
pit ore. Tre oroblem of estimating ailution.is aifficult,: however, because un- 
xnown areas of ore are uncovered and because a large »ortion of tne old stone 
filling is teing shipped as ore. 


A summery of tne United Verde lovrer-nit operations for 1923 follovs: 
Vatle Oe = Surmam Of Costs 
United Verde Lower Pit Operations Year: 12<c6 


Cubic verds stripping loaded «.issecsews 322,9-58 


Cuple wards: Ore LOAGE? s.ciauvewncaecumes: COR 000 


Petal “C2cle. yards: 10sded. w.sctecteaeteads “O75 j000 
Dry VonS Ore 20sded. asctdesavesewesravees  “COlSCE 


Direct overstines costs ner cubic vard taised upon 


total vardare (ore end stripping) 


Como, air 


drills and! Power ; Repi Supplies* Miscel-;Total 
| steel l cost laneovus 
Shovel overation | $.047 - = S2012| a= 
Drilling and | : 
blasting .....| .128) $.084 | 002; 3.082 
Truck tramiing . ,O52 - - -- - - 


Total operation. | $.230] $.064 %4$.01419.082 | 
tl Includes repairs to drills and sharoening steel and drill bits. 
& Includes labor, suoplies, and pover, used in repairing. 

5 [Includes gasoline and oil used on trucks. 


The direct costs of snovel operation, drilling and tlasting, and truck 
tranming are divided aainst stri»vping and mining in vrorortion to the, tonnares 
of the two classes. The direct costs for strivoing and mining for 1928 are 
tabulated below: 8 
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Direct costs for stripping and mining, 1928 


vee Per’ cutic yard Per ton 
Strivping (322,538 cu. yds, i oo 
Shovel operation weet eee ee neces saat : . Sel 6 - - 
Drilling and blasting . ale oso) ete soeeesee | | 298 : - - 
Truck. rami ne. <4 26 swesves ee eee ° ~ 160 -- 
DUMP EXPENSE seevevcccensccserees eocse | 038 -- 
MiSCellancous % 2s.) se64.064 acai herb as etic 0018 -- 
‘ >e670 -- 
SHOVEL: ODGTEt10N w.scdeceeiewskeid ree Sac 7 3.077 
Drie Sid Dlastine a48 sssewswwn ees ; 2008 Lo? 
PUIG TC Pammi ne e.6e-0eo adh do nea a ie es sclo 056 
TOCA. cases ee yee toes | 791 eo08 


General data for 1928 are tabulated as follows: 


Total 68-hour shovel SOLPCS 2 nce n cece eee cece cece ee 1.285.759 
Total 8-hour truck. shifts ere re re eee gue aes ~ 3,471,613. 
Total 8-nour churn-drill shifts (Ci¢eeseweieseeats “Lube tion 
Potel Churn aril). Loetacs: wiss..teesuaiwetaudwansan + hot, ole 
PCCt, DOP GHITU civeteracwaenw wali ee bars aii ents -, ise 
Pounds of explosives per cuble vard .........eees. - 0,483 
Potal. Manas 1S: scucntacctewececae eset eecmsa ast 48074 
Cubic yards ner man-shift (total material) ...... : Lowe). 
Tons per man-shift (total material) ..4..,....%5:. 32662 
Labor cost per cubic yard en cs a 6 ae $.267C 
Overeting supplies ner cubic yard ...... ieee os $1137 
— Renair-supplies per cudic. yard c.cceccccecesecvacs 3.1291 
Total. Supplies Wer CUbIe Vard. 445.0 cteudwte swe cute § 2428 
_ Total cost of repairs per cubic yard ....eesseeeee $2728 | 


| RECLAIMING DUMPS 


AS converter ore is not abundant in the lowcr ».it it is necessary to sain 
some of the converter material from the dumps waich were established at the time 
of tne major stripping operations. The material is lozdced by a standard ¢4-yard 
Shovel directl: into cars which transport the mterial to Clarkdale. This is not 
a continuous operation, but the snovel is steamed unm and the material loaded when 
called for. Tne cost for loading 39,772 cubic vards or 67,175 tons from the durip s 
for tne vear 1928 is tabvlated as follows: 
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Per euric yard rer ton 


ShOVel Operation: vsccevie cade ; $0 .093 - - 
Locomotive operation ....... eee 0.074 -- 
Dridlin= sand blastine toeue sees - .9.041 -- 
Miscellaneous ....ccccecessececes 0.C384 = = 
TOU. aes ai aie wa eens oe idehies 7 $0,292 $0.173 


LEACHING 
Vater from the mine is run througn the dump of -leaching ore and tazes some 
of the conver in the low-srade material into solution. The solution is satnered 
in ditches at the bottom of the dum and run over scrap iron in precipitating 
troughs, where the copper is recovered. The covper precipitate recovered contains 
about 80 per cent copper. 


e + + & ¢@ 


present they are paid a 15 per cant tonus above a base scale. This bonus is basei 
on the price of copper and on general operating conditions. 


An efficiency bonus based on the work performed is also paid for most 
classes of labor: Standards are set for eacn class of work and a record is kept 
of the performance of each man or group of men. The men are paid on a basis of 
one-nalf of the work performed in excess of the standard amount. For instance, if 
the efficiency is 150 per cent, the workman receives 25 per cent of his base rate 
as a bonus. In some cases the bonus is figured on the basis individual wort; in 
others the performance of a group is considered. 


ADMINISTRATIVE OnGAVIZATION 


The general form of organization of the United Verde Copper Co., with more 
detailed form of the pit organization, is given in Table 4. 


Cooperation between tne mine departnents, as well as the smelter depart-— 
ments, is maintained by the’ pit superintendent. An engineer is enmloyed to super- 
vise the engineering, sampling, and clerical work in the pit. Assistance in 
engineering and geological work is furnished by the main office. Pit recoras are 
kept in the pit office. The pit office also assists the main time office and 
safety department. 
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An enormous amount of sulwhur g¢eses and smoke Yrom the underground fire 
Was encorntered as the -round vas dug in advancing the first bench telow tre 1cO- 
Toot level 6n the west sido of the nit. Respiruitors, as masks, and extra crews 
were tried witLout success. Part of tue pit hai to be abandoned for a wnrile. 


In some areas the actual sulvhide ore was burning: in others only tne tic 
bers sturted ourning when exsosed to the air. Tie timbers in some of the.cld 
stones were commlctely burnt out, and tre filling had cemented urd formec casts 
where tne timbers had been. 


: In tne early pnart of 1927 it. was decided to use slimes to ceal off tne 
fires. Tailings irom the mill at Clar! rdale were used vith immediate success; xo 
art of the Dit is now mncoriortakle to. wort ins “Tue tallin, s “7ere wourcd, one 
surface end purwed into crirm-drill holes in the fire oreas, thus filling tne 
Cracks avd crevices cron wile; tiie 20s ond: smore .cscijxed and. sealing ort tle ait. 
In order to eliminate tne nigh cost of transporting tre terilings un tne stcep 
gerade from Clarkdale, a sliming mill was constructed adjacent to thei bs. eb 
drift wus ron into the quartz porphyry. and aplorvy tole started to: obtain materiz. 
Tae blise plant consisted of a jew czusner, rolls, ball mill, and storsrce tants. 
Tne cepacity of the mill wns aooroximately 65 tons solid wer shirt. The slime 
consisted of 50 ner cent moisture. The sclids were ; round so thet about co rer 
cent was minus 190 mesh. 


Limes were later purmed into tne unce i 
oullktiesds wricr se aled off tne fire comtry and assisted materially in reducing 


tue mine fire. 


reoround Fire areus ee the 


1.2 


if 
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FIGURE 13. 
5-CUBIC YARD 6- WHEEL TRUCK 


